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Summary

A Japanese pear ‘Kumoi’ was previously determined as S35, by pollination tests, but its S-
genotype was reconsidered following our PCR-RFLP (S; to Sg) analyses and pollination tests.
Based on its compatibility with ‘Seigyoku’ (S3S;), and PCR-RFLP analysis, ‘Kumoi’ was
classified as §,S; for the first time. Additional pollination tests were necessary to prove our
contention, but ‘Kumoi’ did not supply sufficient flowers. ‘Sekaiichi’ was also assigned as §;S3 by
PCR-RFLP analysis, and incompatibility with ‘Kumoi’. Instead of ‘Kumoi’, ‘Sekaiichi’ was
pollinated with the pollen from an S3- homozygote and that from an S, - homozygote. The lack
of fruit set revealed that ‘Sekaiichi’ was incompatible with the S3 and S,°" pollen, leading us to
predict that the S- genotype of ‘Sekaiichi’ was §,S; or S55,. Two §-genotypes with §,S3 and S,S;
segregated in hybrid progenies between ‘Doitsu’ (S;S7) and ‘Sekaiichi’, indicating that §; was
present in ‘Sekaiichi’. These results of pollination tests with ‘Sekaiichi’ indicated the S- genotype

of ‘Kumoi’ was S;S3.
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Introduction used as single allele indicator for S,, 3 and S, (Sato et

Japanese pear (Pyrus pyrifolia Nakai) exhibits
gametophytic self-incompatibility that is controlled by
a single S-locus with multi-alleles. S-genotype assign-
ments have been used as an aid for both the breeding
and management of pollination in orchards. Terami et al.
(1946) identified seven S-alleles (S; to S;) and clas-
sified 23 cultivars into 10 S-genotypes. Using these S-
genotype assignments as first cross indicators, the S-
genotypes have been determined for almost 40 cultivars
(Hiratsuka et al., 1998; Machida et al., 1982; Ogaki,
1958). The present cross indicators do not cover the
21 S-genotypes having a combination of seven
alleles.  Pollens derived from S-homozygotes
make S-genotype assignments easy. Three S-
homozygotes, ‘312-9” (S,S;), 312-6" (S353), and
‘Nashi chuukanbohon nou 1 gou’ (§,S,™) are selected
from selfed progenies of ‘Choujuurou’ (S,53) and self-
compatible cultivar ‘Osa-Nijisseiki’ (5,5, (sm repre-
sents stylar-part mutant)). The three trees have been
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al.,, 1991; Terai et al., 1999). Recently ‘Doitsu’ (S,S,)
was found to be compatible with the pollen from
‘Nijisseiki’ (S,S,) but incompatible with the pollen from
‘Osa- Nijisseiki’ (S,S,”™), revealing that the S, pollen
recognizes not only S, but also S; (Saito et al., 2002).

The S- allele of Japanese pear encodes S- RNase as a
pistil product (Ishimizu et al., 1996; Sassa et al., 1992).
Based on the nucleotide sequences of S, - to S,- RNase,
a PCR-RFLP (S, to S;) system has been established for
rapidly assigning the S-genotype in Japanese pear
cultivars harboring S; - to S, - allele; Genomic PCR with
S-allele- specific primers provided S;- to S;-amplicon
(product), which are discriminated by following di-
gestions with six S-allele-specific restriction endo-
nucleases (Ishimizu et al., 1999). Recently, two new S-
RNase genes, Sg- and S;-RNase, have been cloned
from some cultivars for which this system could not be
adapted. Hence, a new PCR-RFLP (S; to Sy ) system
has been developed for S-genotype assignments in
Japanese pear cultivars harboring S; to Sy (Castillo et al.,
2002; Takasaki et al., 2004).

Using PCR-RFLP system and pollination tests, we
revised four S-genotypes, ‘Akaho’ (S3S5), ‘Tanzawa’
(S455), ‘Ichiharawase’ (S;Sg), and ‘Meigetu’ (S,S)
among the first cross indicators (Castillo et al., 2001).
These revisions raised some doubt about the S-geno-
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types determined by these indicators.

‘Kumoi’ (Nashi nourin 1 gou) is a hybrid of
‘Ishiiwase’ and ‘Yakumo’ (S,S,) (Kajiura, 1955); it was
determined as S;S, by incompatibility with ‘Tanzawa’
(85S,) (Ogaki, 1958). However, the S-genotype of
‘Tanzawa’ has been revised to S,S5 as described above.
In this paper, we assigned the S-genotype of ‘Kumoi’
using the PCR-RFLP (S, to Sy ) system, and confirmed
its S- genotype with pollination tests.

Materials and Methods
Plant materials
Eight Japanese pears; ‘Kumoi’, ‘Tanzawa’,
‘Seigyoku’,  ‘Ishiiwase’, ‘Yakumo’, ‘Sekaiicht’,

‘Okusankichi’, and ‘Doitsu’, and two S-homozygotes;
‘312-6’ (S;S;) and ‘Nashi chuukanbohon nou 1 gouw’
(S8 ™), were employed in this study. All trees were
planted at the National Institute of Fruit Tree Science
(NIFTS), National Agriculture and Bio-oriented Re-
search Organization in Tsukuba, Ibaraki, Japan.
“Yakumo’ and ‘Doitsu’ were pollinated with pollen from
‘Sekaiichi’, and hybrid seeds were obtained.

PCR-RFLP (S, to Sy ) analysis

PCR-RFLP (S; to Sy ) analysis was performed ac-
cording to the procedure described by Takasaki et al.
(2004). Genomic DNA was extracted from young leaves
of each cultivar or embryos of the hybrid seeds by a
cetyltrimethylammonium bromide method (Doyle and
Doyle, 1987). PCR was conducted by using the Expand
High- Fidelity PCR system (Roche Diagnostics) for the
amplification of S- alleles. Genomic DNA (about 50 ng)
was mixed with 0.3 M ‘FTQQYQ’ primer (5"~ TTTA-
CGCAGCAATATCAG-39), 03uM  ‘anti-(I/T)
IWPNV’ primer (consists of a mix of 0.15 #M ‘anti-
HWPNV’ (5"- AC (A/G) TTCGGCCAAATAATT-3"),
and 0.15 ¢z M ‘anti- TIWPNV’ (5"- ACGTTTGGCCAA-
ATAGTT-3"), 200 M dNTP, 1 x PCR-buffer, 1U
Taq polymerase, and distilled water to make a final

volume of 30 1. PCR amplification was carried out for
10 cycles of denaturation for 15 sec at 94°C, annealing
for 30 sec at 48°C and extension for 2 min at 70°C,
following 20 cycles of denaturation for 15 sec at 94°C,
annealing for 30 sec at 48°C, and extension for 2.5 min at
70°C, with a final extension for 7 min at 70°C. PCR
products were digested with the following S-allele-
specific restriction endonucleases; Sfcl (S, specific) at
25°C, AfIIL (S, specific), Nrul (Sg specific), Ndel (S,
specific), AWNL (S; specific), Hincll (S specific),
PpuMI (S;, S; specific), and Accll (Sg, S specific) at
37C, and BstBI (S, specific) at 65°C. PCR products and
digested fragments were electrophoresed on 2% agarose
gels.

Pollination tests

Pollination tests were performed at the orchards of
NIFTS. About 15 clusters with 2 flowers at the balloon
stage (1-2 days before anthesis) were carefully emascu-
lated, pollinated with pollen of a cross indicator, then
covered with paper bags to avoid contamination with a
foreign pollen. Within 70 to 80 days after pollination,
the number of fruit sets and viable seeds were counted.
When fruit set was less than 30%, the cross was judged
to be incompatible.

Results and Discussion

Terami et al. (1946) identified ‘Tanzawa’ as SsSs.
Whereas, Ogaki (1958) assumed ‘Tanzawa’ to be S35,
and suggested that ‘Kumoi’ was S35, being incompatible
with pollen from ‘Tanzawa’. A part of the confusion
raised from these earlier studies was resolved by recent
pollination tests and PCR~RFLP analyses. ‘Tanzawa’ is
compatible with ‘Housui’ (S3S5) (Hiratsuka et al., 1998)
but incompatible with ‘Kousui’ (S,S;) (Castillo et al.,
2001), revealing that its genotype is not S35; but S,S5.
Hence, its S-genotype was revised as S,S;. With this
reversion, S-genotype of ‘Kumoi’ may also need to be
revised to S,S5;. However, ‘Kumoi’ was compatible with
pollen from ‘Tanzawa’ (S,S5) and ‘Seigyoku’ (SsS,),

Table 1. Cross- compatibility of ‘Kumoi’ and ‘Sekaiichi’ with cross indicators in pollination tests.
No. of . No. of
Seed parent Pollen parent pollinated NO_' of Fruit Seeds Compatibility”
flowers fruitset et (%) per fruit
Kumoi Tanzawa (S,S5)" 34 26 76.5 87+03 Compatible
Kumoi Seigyoku (535,) 30 28 933 87x02 Compatible
Kumoi Sekaiichi 30 0 0 Incompatible
Sekaiichi 3126 (53S3) 30 0 0 - Incompatible
Yakumo (S;S,) 312-6(S353) 30 28 93.3 75+05 Compatible
Sekaiichi Nashi chuukanbohon nou 1 gou (5,/™S,™) 30 0 0 - Incompatible
Okusankichi (S;5;)  Nashi chuukanbohon nou 1 gou (S,"S,™) 30 28 93.3 41=*04 Compatible
Sekaiichi Seigyoku (S35,) 30 27 90.0 8303 Compatible

? Parenthesises show the S - genotype determined previously by pollination tests.
Y Cross was considered incompatible when fruit set was less than 30% .
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indicating that ‘Kumoi’ was neither S,S; nor S,S,
(Table 1).

‘Kumoi’ and its parents, ‘Ishiiwase’ (not determined
by pollination tests) and ‘Yakumo’ (S,S,), were ana-
lyzed by using PCR-RFLP (S, to Sy ) system. PCR with
‘FTQQYQ’ and ‘anti-(I/T) IWPNV’ primers amplified
products of ca. 1.3 kb and ca. 350 bp from these
cultivars (Fig. 1). PCR product of ca. 1.3 kb from
‘Ishiiwase’ was digested with Bs¢BI, and ca. 350 bp
with PpuMI but not with AlwNI. Two products of ca.
350 bp from ‘Yakumo’ were digested with Sfcl and
Ndel. Two products of ca. 350 bp from ‘Kumoi’ were
digested with Sfcl and PpuMI but not with AlwNI. These
digestion patterns of PCR products assigned ‘Ishiiwase’,
‘Yakumo’, and ‘Kumoi’ as 8§35, S,S,, and S,S;,
respectively (Table 2). The §,S; of ‘Kumoi’ is one of the
expected S-genotypes in the progenies between
‘Ishiiwase’ (5359 ) and “Yakumo’ (S;S,).

Using pollination tests, we tried to determine ‘Kumoi’
as S;53. However, ‘Kumoi’ showed male sterility and
could not supply sufficient flowers because the ‘Kumoi’
planting at NIFTS was a preservation line and was
maintained as a small tree by training and pruning. PCR
-RFLP (S, to Sy ) analysis provided us a Japanese pear
cultivar with §,S;, ‘Sekaiichi’, whose PCR products of

1 2 3 4

Fig. 1. Gel plate showing amplified S—RNase genes from
genomic DNA of four Japanese pears by using PCR
with primers ‘FTQQYQ’ and ‘anti- (I/T) IWPNV’. 1:

‘Ishiiwase’, 2: “Yakumo’, 3: ‘Kumoi’, 4: ‘Sekaiichi’.

K. Okada, T. Takasaki, T. Saito, Y. Moriya, C. Castillo, S. Norioka and T. Nakanishi

ca. 350bp digested with Sfcl and PpuMI but not with
AlwNI (Fig.1, Table 2). ‘Kumoi’ was incompatible with
pollen from ‘Sekaiichi’, indicating both cultivars have
the same S-genotype (Table 1). By confirming that
‘Sekaiichi’ possesses S; and S, we can prove that the S-
genotype of ‘Kumoi’ is §,S;.

Cross indicators with S,S; or the pollen from ;- and
S3- homozygotes were essential to determine ‘Sekaiichi’
to be §,53. There was S;-homozygote, ‘312-6’ (S,S;),
but no cross indicator with S;S; and §,;-homozygote.
‘Sekaiichi” was incompatible with the S; pollen from
‘312- 6, but “Yakumo’ (S,S,) was compatible (Table 1),
confirming that ‘Sekaiichi’ possessed S3. Since
‘Sekaiichi’ was incompatible with the S, pollen from
‘Nashi chuukanbohon nou 1 gou’ but ‘Okusankichi’
(S5S7) was compatible (Table 1), it indicates that
‘Sekaiichi’ possesses either S, or S, These results
proved that ‘Sekaiichi’ had S; and either S, or S,. The
compatibility between ‘Sekaiichi’ and ‘Seigyoku’ (S5S,)
removed the possibility that ‘Sekaiichi’ was S,S,, and
estimated that ‘Sekaiichi’ is S;S; (Table 1).

To confirm the presence of S, in ‘Sekaiichi’, we
analyzed 22 hybrid seeds of ‘Yakumo’ X ‘Sekaiichi’
and 23 seeds of ‘Doitsu’ x ‘Sekaiichi’ by using PCR-
RFLP (S; to Sy ) system. If ‘Sekaiichi’ possesses S,
“Yakumo’ (S,S,) and ‘Doitsu’ (S,S,) should reject the S,
pollen from ‘Sekaiichi’, but accept the S; pollen. The

A B
‘Yakumo® X ‘Sekaiichi’ ‘Doitsu’ X ‘Sekaiichi’
(5,59 (5;52)
AR S384 8,85 8553
12 10 10 13

Fig. 2. S-genotype segregation patterns derived from hybrid
seeds of ‘Yakumo’ X ‘Sekaiichi’ (A) and ‘Doitsu’ X ‘Sekaiichi’
(B). The number of hybrid seed is indicated under each S-
genotype.

Table 2. §-genotype assignments of four Japanese pears by using PCR-RFLP (§; to Sy) analysis.

§ - allele - specific restriction endonucleases

. ca. 1.3 kb 435 bp ca. 350 bp PCR-RFLP
Cultivar
. S-genotype
Aft 11 Bst BI Nrul Sfe 1 Nde 1 Alw NI Hincll  Ppu MI Acc 1l
Sz Sg Ss S; S4 S5 Ss S3 S5 Se S7
Ishiiwase - + - - - + - S3Sg
Yakumo - - - + - - - MM
Kumoi - - - - - - S153
Sekaiichi - - - - - - 8,83

+: One of two S— RNase products digested with the restriction endonuclease.
- : None of S - RNase products digested with the restriction endonuclease.
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hybrid seeds of ‘Yakumo’ X ‘Sekaiichi’ possessed 12 S,
S; and 10 S,S, seeds, whereas those of ‘Doitsu’ X
‘Sekaiichi’ exhibited 10 S;S; and 13 S,S; seeds (Fig. 2).
These segregations with two S-genotypes indicate the
presence of S; in ‘Sekaiichi’.

In conclusion, our PCR-RFLP analyses, pollination
tests and S-genotype segregations determined
‘Sekaiichi’ to be S,S3, leading us to revise S-genotype
of ‘Kumoi’ to §,S5. With the S-genotype revision of
cross indicators, S- genotypes determined by using these
indicators should be re-examined by PCR- RFLP anal-
ysis and pollination.
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VBT OB T S8, BEFREKRESN T o=k v
+v ‘ZH DL TR %, PCR-RFLP (§,~Sy ) 5175 & O
RECRBIC L DRI Urc. BH 13 TBE (S5Sy) £ XM
FEHERLIZDT, S8, TREWLI ¥ L. PCR-
RFLP (§;~Sq ) 73#Tic & 0, ‘ZH OBETFEIT F1ZHE
ENTNENS, Sy EHEFEE NI, ‘BH NS, LSyt
VB EH DI EAERTADICRELAREALETH
ST h, CBH RS UREEREEETES,
‘R id PCR-RFLP (§;~Sg ) ZMFic & 0 S;S; EHEE &
h, ‘BH LIS ERLL. 22T, ‘B ob
Dz R Sy R B EEDIEN &, ST S M

SEET BT A LN TE L S, R BTN £
BEU7z. ‘F— 13 S 78k & S, M O/ & KBRS
HERLILZENS, TOBIZTEIES; S35 5003 855, &
FRIE 7z, PCR-RFLP (§;~Sg ) 53 & < Ihite °(S,S,) %
R DMIEE LSS5 & SoS30D 2D DRETFEUC S8
TEIEMREN, MR- 1CE 5 S, MLRETF OB
PEERE N U LEOEREN S HR— S, & SyfiaEin
FEFOIEMNPOMIEY, MR EXHRTA NS
AT CEH OSBIEFRIIS,SHITBIET I TH D EEL
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